A bis-phenanthridinium salt has been synthesized and Its DNA-binding studied. Evidence provided by UV and CD spectra, by thermal denaturation profiles and by equilibrium dialysis of the drug-DNA complex lead to the conclusion that both phenanthridine moieties intercalate in the helix. The double intercalator appears to be less potent than ethidium chloride as an inhibitor of nucleic acid synthesis in cultured L1210 cells, though it is more potent than a monomer!c analog. The low potency may be due to a low cell influx rate.
INTRODUCTION
Ethidium cation, originally synthesized and still used as a trypanocidal drug, has achieved additional interest because it forms an intercalation complex with DNA 1 16 Examination of molecular models and available data on the biological activity of substituted phenanthridinium salts led us to the conclusion that, to give the most effective double intercalator, two ethidium cations should be connected through the meta positions of the 6-phenyl groups.
Substitutents at this position cause minimal interference with intercalation 17 and as the two phenyl carbons effectively form part of the linking chain, the length of the flexible connecting chain can be minimized. In this paper we report the synthesis and DNA-binding characteristics of a bis [6-(3- The former number is independent of the size of the ligand except for end effects, which are negligible for highly polymerized DNA. Thus the affinity can be used for direct comparison of the weighted mean binding constants for both double and single intercalators.
The limitation in this, or any method, of determining binding constants is the ability of the analytical method to measure the free drug concentration. Since the maximum free drug concentration is inversely related to the binding affinity, we have used magnesium ion to lower the affinity of these cationic drugs. Table II Thus we conservatively conclude that a lower limit to the affinity is 5 x 10 6 M" 1 under these conditions. Thermal Denaturation. Another illustration of the large affinity of II for helical DNA is its effect on the helix-coil transition of DNA in 0.01 M phosphate buffer, shown in Fig. 3 -The curve for II is clearly bimodal.
Although it is not apparent in Fig. 3 ; careful analysis of the original data Part of the effect on the helix-coil transition must be due to the added positive charge in II. In 0.01 M phosphate buffer the doubly charged drug propidium diiodide also has a much more profound effect on the helixcoil transition than does I; however, the effect is considerably less than for II. When the transition is observed in the presence of 2 mM magnesium ion where the importance of electrostatic interactions is reduced (Fig. k) , the difference between II and propidium diiodide is even more pronounced.
Thus a significant proportion of the additional stabilization must be attributable to the second phenanthridinium group. a. ± one standard deviation in log ED S 0 .
The E B 5 0 values were derived from a least squares fit of a log-normal cumulative probability curve to the results of several experiments. This method assumes that the response of the cell population to the drug is log-normally to that of ethidium and that of II is much greater, perhaps the reduced inhibitory effect of these drugs is due to lower cellular or nuclear uptake rates. The extremely low activity of propidium diiodide in the nucleic acid synthesis inhibition assay is consistent with the hypothesis that the double positive charge of II slows its transport across cell membranes.
The increased standard deviation of the log-normal population distribution would also be consistent with this hypothesis, since the diversity of the cells with respect to membrane permeability would be superposed on the diversity with respect to primary enzyme inhibition.
An isolated enzyme assay would avoid this problem, but the only isolated RNA polymerase available is bacterial in origin and we prefer to 
